Murraya koenigii, locally known as "kari" tree, was selected for the phytochemical analysis. The extraction and isolation of the carbazole alkaloids from its n-hexane extract of the bark was carried out by using various chromatographic techniques. Three cyclic monoterpenoid pyranocarbazole alkaloids namely, murrayazolinol, murrayakoeninol and bicyclomahanimbine, were isolated. Their structures were determined on the basis of 1D-, 2D-NMR, IR, UV and mass spectrometry, and by comparison with the data from literature.
INTRODUCTION
Among the 14 species under the genus Murraya [1] , Murraya koenigii (Linn.) Sprengis one of the member belonging to the Rutaceae family found in Malaysia [2, 3] . M. koenigii is a medicinal important herb of Indian origin. It has been widely used as natural flavouring in curries and sources [3] [4] [5] , and ingredient in traditional medicine formulations [4] [5] [6] .
Phytochemical screening on M. koenigii by various researchers showed that alkaloids, carbohydrates, protein, amino acids, saponins, flavonoids and coumarins were present in various parts of the plant [7] . Carbazole alkaloids are the major constituents from the plant were known to possess various biological activities such as antitumor, anti-oxidative, anti-mutagenic, and anti-inflammatory activities [6] [7] [8] [9] . Cyclic monoterpenoid pyranocarbazole alkaloid is one of the groups of carbazole alkaloids which can be isolated from the bark of M. koenigii [10] [11] [12] [13] [14] .
In continuation of our studies on carbazole alkaloids of M. koenigii [10] , we report the isolation of carbazole alkaloids present in the bark of M. koenigii. Three cyclic monoterpenoid pyranocarbazole alkaloids were afforded ( Figure  1 ), viz., murrayazolinol 1, murrayakoeninol 2 and bicyclomahanimbine 3. Their structures were elucidated by combination of various spectroscopic methods such as 1D and 2D NMR, IR, UV and mass spectrometry. 
EXPERIMENTAL

Plant Materials
The bark of M. koenigii (L.) Spreng was collected from Jerantut, Pahang, Malaysia in early 2012. The voucher specimen (TM1006) was identified by the phytochemistry group and deposited at the herbarium of Chemistry Department, Faculty of Science and Mathematics, Universiti Pendidikan Sultan Idris, Malaysia.
Extraction and Isolation
The dried barks (3.0 kg) of M. koenigii were extracted with n-hexane and dichloromethane (CH2Cl2), three times each, continuously at room temperature. The extracts were combined and were concentrated under reduced pressure to yield brown syrup of nhexane crude extract (106.0 g) and CH2Cl2 crude extract (32.0 g). After evaporation of the solvent, 30.0 g of then-hexane crude extract was subjected to column chromatography over silica gel (gradient solvent system: hexane, CH2Cl2 and MeOH) to yield a known cyclic monoterpenoid carbazole alkaloid: murrayazolinol [ 
SpectroscopicCharacterization
Different spectroscopic methods were used to elucidate the structure of isolated compounds. Among the spectroscopic techniques UV, IR, 1 H-NMR, 13 
RESULTS AND DISCUSSION
The bark of M. koenigii collected from Jerantut, Pahang gave three C23-carbazole alkaloids. The fractionation of the n-hexane extract of the bark by column chromatography and preparative TLC afforded murrayazolinol1. The fractionation of the CH2Cl2 extract of the bark by column chromatography and preparative TLC afforded another two compounds: murrayakoeninol2, and bicyclomahanimbine3. All compounds gave blue to purple colour on spraying with 10% sulphuric acid at 105  C. They also showed similar spectroscopic features with the carbazole alkaloids published in the literature [11] [12] [13] [14] .
Compound 1 was isolated as a brown solid with melting point at 289290
 C (m.p.: 290C [11] ). Its molecular formula was determined to be C23H25NO2 by HRESIMS. The absorption bands at 248, 265 and 305 nm in the UV spectrum confirmed it to have pyranocarbazole framework [15] . The IR spectrum showed absorption peaks at 3360 cm 1 further confirmed the pyranocarbazole skeleton [15] with an additional OH group. The 1 H NMR spectrum of 1 showed a signal for an aromatic methyl group at H 2.36 (3-CH3). In addition, the 1 H NMR spectrum also exhibited signal for a carbinyl hydrogen of a secondary alcohol, which appeared as a multiplet at H 3.83. The 13 C NMR spectrum (Table 2 ) indicated the present of 23 carbons resonances and determined to be a C23-carbazole derivative. The complete assignments of carbon signals and location of substituent on the skeleton of 1 was supported by DEPT, 1 H-1 H COSY, HMQC and HMBC spectra. Based on the spectroscopic data, structure 1 was suggested to be murrayazolinol [11] .
Compound 2 with molecular formula C23H25NO2 by its HERSIMS (m/z: 348.1943), displayed absorption bands with UV at max214, 275 and 308 nm indicating the presence of an oxygenated carbazole chromophore [15] . The 13 C NMR spectrum of 2 (Table2) displayed 23 carbon signals which suggested to be a C23-carbazole derivative. The 1 H NMR spectrum (Table 1) showed signals for five aromatic methine protons, of which one appeared as singlet at Based on the spectroscopic data and comparison with literature, structure 2 was assigned to murrayakoeninol, of which have been isolated previously by Chakraborty research group [12] . (Table 1) resembled that of murrayazolinol 1, indicating a similar aromatic substitution pattern on the carbazole skeleton. However, the monoterpene moiety fused at C-1 and C-2 was different. In consideration of the molecular formula, and the absence of olefinic protons present in bicyclomahanimbine 3 was proposed as a hexacyclic base with a cyclobutane system. The presence of a cyclobutane ring was supported by the downfield shift of the methyl group at 4'-CH3 to H 0.74 in bicyclomahanimbine when compared to the methyl group of mahanimbine at H 1.62. The 13 C NMR spectrum (Table 2 ) also showed the present of 23 carbons resonances. The complete assignments of carbon signals and location of substituent on the skeleton of 3 was deduced on the basis of DEPT, 1 H-1 H COSY , HMQC and HMBC spectra. Based on these spectroscopic data and comparison with literature, the structure 3 was assigned to bicyclomahanimbine [13, 14] . 
CONCLUSION
In conclusion, the present study was aimed to investigate the chemical constituents of M. koenigii (TM 1006) collected from Pahang, Malaysia. Three cyclic monoterpenoid carbazole alkaloids were isolated and identified as murrayazolinol 1, murrayakoeninol 2 and bicyclomahanimbine 3. The spectral data of the compounds were also compared with those in the literature.
